This review aimed to synthesize the current evidence on the effectiveness of invasive treatments for complex regional pain syndrome in children and adolescents. Studies on children and adolescents with complex regional pain syndrome that evaluated the effects of invasive treatment were identified in PubMed (search March 2013). Thirty-six studies met the inclusion criteria. Articles reported on a total of 173 children and adolescents with complex regional pain syndrome. Generally, many studies lack methodological quality. The invasive treatments applied most often were singular sympathetic blocks, followed by epidural catheters and continuous sympathetic blocks. Rarely, spinal cord stimulation and pain-directed surgeries were reported. An individual patient frequently received more than one invasive procedure. Concerning outcome, for approximately all patients, an improvement in pain and functional disability was reported. However, these outcomes were seldom assessed with validated tools. In conclusion, the evidence level for invasive therapies in the treatment of complex regional pain syndrome in children and adolescents is weak. Zernikow et al.
C
OMPLEX regional pain syndrome (CRPS) remains a diagnostic and therapeutic challenge. Due to the lack of knowledge regarding its exact pathophysiology, reliable diagnostic tests are not available. When CRPS is diagnosed, it always bears some uncertainty because the diagnosis depends solely on observable signs and reported symptoms, which have been consolidated into various diagnostic criteria sets. [1] [2] [3] An individual patient may be diagnosed with CRPS if one diagnostic criteria set is used but not if a different one is used. 4 Uncertainty also exists regarding therapy. Myriad different therapies have been applied to patients with CRPS with questionable benefits. Most therapies have been tried in an uncontrolled manner in small samples that were not well defined or in single individual patients only. The Cochrane Library contains three CRPS-related reviews. Those reviews do not recommend local anesthetic sympathetic blockade, cervico-thoracic or lumbar sympathectomy, or spinal cord stimulation (SCS) for chronic pain in adult patients with CRPS due to insufficient evidence. [5] [6] [7] The CRPS dilemma extends to prognosis, which also remains speculative for the individual patient.
Complex regional pain syndrome mainly affects adults but it is reported in the literature that it affects children from the age of 2.5 yr. 8 The uncertainty regarding the diagnosis, therapy, and outcomes of CRPS is even more substantial in children or adolescents compared with adults. 9 In childhood, the clinical appearance of CRPS seems to differ from that in adults with more pediatric patients having no detectable prior physical trauma or operation and more adolescents having cool, cyanotic extremities. 9, 10 Sensitivity and specificity of the standard diagnostic criteria sets have not been analyzed for pediatric patients. The prognosis of CRPS in children is uncertain. 9 Although short-term outcome seems promising with a resolution of functional disability in 70 to 90% of the patients, 11, 12 the one work investigating long-term prognosis reports less favorable outcomes Zernikow et al.
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and 45% had skin temperature changes or a limited range of motion. 13 There is an ongoing debate about the role of psychological factors and psychological trauma in the development and aggravation of childhood CRPS. 14, 15 Despite the uncertainty regarding the pathophysiology, diagnosis and therapy in adult CRPS, and the differences between adulthood and pediatric CRPS, invasive therapies are applied in children and adolescents. Therefore, we aimed to perform a scoping review of the evidence for invasive treatment approaches in pediatric CRPS regarding study quality, kind of treatment, and outcome.
Materials and Methods

Literature Search
The initial PubMed search (conducted on March 28, 2013; no time limit) used two combined groups of keywords. The first set of keywords referred to CRPS; as the terminology for CRPS changed in recent years, we also included synonyms for CRPS in our queries (search term ["complex regional pain syndrome" OR "CRPS" OR "reflex sympathetic dystrophy" OR "Morbus Sudeck" OR "Sudeck's atrophy" OR "causalgia" OR "algodystrophy"]). The second search term referred to pediatric samples (search term ["children" OR "pediatric" OR "child"]). The initial search led to 323 results whose abstracts were screened for inclusion. Twelve additional articles were identified by checking references cited by full-text articles assessed for eligibility.
Inclusion Criteria
The title and the abstract of all 335 articles identified were reviewed by three independent reviewers (G.H., H.B., and J.W.). Discrepancies were resolved by discussion.
To be included, articles had to fulfill the following criteria specified in advance:
1. studied patients who were diagnosed clinically with CRPS 2. included pediatric patients (age range, 0 to 18 yr) 3. reported on invasive treatment delivered by the authors 4. reported original empirical data 5. written in English or German Overall, 36 of the 335 screened articles met the inclusion criteria. Their full texts were retrieved for further analysis ( fig. 1 ).
Data Extraction
A data extraction sheet was developed. To minimize potential bias, all data were extracted by two independent raters (H.B. or J.W. and B.Z.). Discrepancies were resolved by discussion.
The following information was retrieved: (1) quality criteria of the studies including information on the study design, methods, and reporting standards; (2) study details including the type of study, patient characteristics, and CRPS diagnosis criteria; (3) treatment including prior and concurrent conservative interventions and invasive treatment; and (4) outcomes including changes in pain parameters, edema, functional disability, emotional distress, and harm (relapse, infection, or death). Methods of the data analysis were specified in advance.
Results
Overview of Included Studies
A total of 36 publications published between 1972 and 2013 have been included in the review. Most studies were case reports and case series (n = 33; 92%). Nineteen articles were single-patient case reports, and 14 articles reported on a group of children and adolescents with CRPS (case series). Data on 110 patients were presented in these case reports and case series. In addition to these studies, two controlled studies (n = 40 patients) 16, 17 and one randomized control trial (n = 23 patients) 18 were identified. They included a total of 63 patients. Of these studies, 25 articles reported on invasive and noninvasive therapies for pediatric CRPS, whereas the remaining studies focused exclusively on invasive interventions. A total of two articles (6%) addressed invasive therapies for a mixed adult and pediatric population.
17,19
Patients
The articles comprised a total of 173 patients, predominantly girls (weighted mean, 83%). The median average age calculated on the basis of 32 studies was 12 yr (range of average age, 8 to 15 yr; weighted mean, 13.2 yr). Table 1 provides an overview of the patient characteristics.
Study Quality
Only a minority of the studies used a firm diagnostic criteria set for the CRPS diagnoses. One case series (n = 2 patients) 20 and the randomized controlled trial (n = 23 patients) 18 applied the CRPS diagnostic criteria proposed by the International Association for the Study of Pain. 1 One case series (n = 4 patients) 21 used the Budapest clinical criteria. 2 No articles used the Veldman 3 or Budapest research criteria. 2 The remaining studies (n = 144 patients) reported symptoms of CRPS without applying well-established or any formal diagnostic criteria sets. Of those studies, 21 were published after the publication of the first official criteria set-International Association for the Study of Pain taxonomy-in 1994 1 . Although sample characteristics and interventions were usually described carefully, outcome measures were only described in a few studies (table 2). Only half of the publications reported the length of follow-up. The median of the average follow-up was 6 months (weighted mean, 2.9 months). The length of follow-up ranged from 0.7 19 to 96 months. 22 
Treatment before Invasive Procedures
Prior treatment was reported in 26 publications (72%). Specifically, 19 publications (53%) reported on physiotherapy. Zernikow et al.
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Physiotherapy was not described in detail in most publications; only three works described different elements of the physiotherapeutic approach (e.g., mobilization, massage). In addition, 13 publications (36%) reported on psychotherapy and 24 (67%) on other conservative treatment. Other conservative treatments mainly included pharmacotherapy but also transcutaneous electrical nerve stimulation and biofeedback. Pharmacotherapy predominantly consisted of nonsteroidal antiinflammatory drugs and antidepressants (table 3) .
Invasive Procedures
The procedure applied most often was singular sympathetic blocks, closely followed by epidural catheters and continuous sympathetic blocks (table 4) . Peripheral/plexus regional anesthesia, intravenous regional blocks, and sympathectomy were applied less often. Rarely, SCS and pain-directed operations were used. In particular, sympathetic blocks were often performed more than once in a single individual patient (table  4) . Multiple invasive procedures were applied to 86 patients (50%). For example, Kachko et al. 21 performed 12 stellate ganglion blocks in one patient, whereas others applied multiple intravenous regional blocks. 20, 23, 24 An escalation in the level of invasiveness, for example, sympathectomy after a single sympathetic block, was observed in several studies. [25] [26] [27] [28] [29] The number of patients and the kind of invasive procedures reported in the literature changed during the analyzed period. The highest number of patients with CRPS receiving invasive treatment is reported in the nineties ( fig. 2 ). In the seventies and eighties, destructive procedures such as sympathectomies are reported quite often. In the nineties, continuous sympathetic Invasive Treatments for Pediatric CRPS blocks were mainly described. Beginning with the new century, peripheral/plexus regional anesthesia and epidural catheters facilitating physiotherapy are reported more often.
Conservative Treatment after Invasive Procedure
Information on conservative treatment applied after the invasive procedure was reported in 22 publications (61%). Specifically, 22 publications (61%) reported on physiotherapy, 12 (33%) on psychotherapy, and 19 (53%) on other conservative treatment. In studies reporting the specific conservative treatment, physiotherapy was applied in 100% of the patients. Most publications (n = 16) only reported about "physical therapy" or "physiotherapy" without any details on the specific elements. Some publications (n = 6) described the physiotherapy in more detail (e.g., range of motion exercises, gait therapy, exercise against resistance, and assisted movement). In addition, psychotherapy was applied in 61% and other conservative treatments in 8% of the patients. A total of six patients (3%) received further analgesic treatment, and 11 patients (6%) received coanalgesics.
Outcomes
Spontaneous pain outcomes were reported by most of the studies (86%), and allodynia and functional disability were reported by 64 and 75% of the studies, respectively (table 5) .
Other CPRS-specific outcomes such as thermal pain and edema were rarely reported. According to the reported outcomes, approximately all patients who received invasive therapies showed an improvement in pain, other CRPS-related symptoms, and functional disability (table 5) . In 32% of the pain outcomes and 8% of other outcomes, results were based on validated tools. Side effects were seldom, and fatal consequences of the invasive procedure were never reported. Infections only occurred in two patients. Sixteen of 86 reported cases (19%) experienced a relapse.
Discussion
A total of 36 studies including 173 pediatric patients who received invasive pain therapy for CRPS were reported. The methodological quality of the publications was generally low because most of them are case reports or case series representing level IV evidence. Only a minority of studies used the established diagnostic criteria for CRPS such as the ones proposed by the International Association for the Study of Pain.
1 Treatment before the invasive pain therapy was described in the majority of studies; the main focus was on physiotherapy. Most often, various sympathetic blocks, epidural catheters, and peripheral/plexus regional anesthesia were used as invasive procedures to treat pediatric CRPS. Positive outcomes after different invasive therapies were reported for most of the patients. A validated outcome tool, such as the visual analog scale, or a disability measure, such as the functional disability index, 52 was seldom used. Approximately half of the patients received multiple invasive interventions; additionally, many patients also underwent simultaneous conservative treatment. The follow-up for outcome assessment was rather short or not reported.
Patients
The mean age of children who received an invasive pain therapy for CRPS was 13.2 yr, which is comparable with other CRPS pediatric populations that did not receive invasive therapies. 10, 11, 13, 15, 53, 54 Comparable to patient characteristics in this review, approximately 80 to 90% of the children and adolescents diagnosed with CRPS in other studies were female. 10, 11, 13, 15, 53, 54 Pediatric CRPS may show some differences compared to CRPS in adults. First, lower extremities are affected more often in pediatric CRPS (in 60 to 80% of the cases); second, a history of a severe physical trauma or operation is less often recalled in this group; third, children present less often with typical signs, such as edema, increase in temperature of the affected extremity, neurological symptoms such as tremor and paresis, or atrophies of skin, nails, and subcutaneous tissue. 10, 11 Regardless of these frequently observed differences between children and adults, it seems that children who received invasive therapies present with signs and symptoms that are even more atypical for the condition called CRPS. For example, in the first case described Depicts the number of studies fulfilling the stated criteria. 46 the right elbow and the left foot were involved. Olsson et al. 30 described a child experiencing five relapses after invasive SCS. Agarwal and Joseph 31 described a boy, who experienced CRPS in the right upper limb and 3 weeks later in the right leg and ankle. They considered this shift in symptoms to be a "recurrent migratory sympathetically maintained pain." Tong and Nelson 32 reported a similar case in a child, who presented with CRPS of both arms (three times) and the right leg (one time) within a period of 5 yr and described the condition as "migratory reflex sympathetic dystrophy." Others also described this progressive course of CRPS affecting different parts of the body. 42 One hypothesis is that atypical cases of CRPS are more often unresponsive to standard treatment compared with typical cases of CRPS and therefore invasive procedures are more often performed in atypical cases. Another hypothesis involves a publication bias for extremely atypical cases. A third potential explanation for the high number of atypical CRPS cases in this review might be that those children did not experience CRPS. The lack of the use of formal diagnostic criteria favors this explanation. Furthermore, psychological comorbidities are quite often reported by the authors. In the case series by Olsson et al., 30 three of the seven children receiving SCS experienced a severe psychological disorder (sexual abuse with suicide attempt, anorexia nervosa, obsessive-compulsive disorder, and conversion disorders). Schiller 33 reported that five of the seven patients had a "psychological history"; four patients received invasive treatment and three of those four patients had psychological problems or severe psychiatric disorders (school phobia, Operations for pain treatment 3 (2%) 1 36, 47, 51 Intraspinal opioids or local anesthetics 2 (1%) 1 26, 42 Other invasive treatment 2 (1%) - 26, 30 Total number of patients (N) of all studies = 173. * Detailed information on the procedure is only given in two articles; they use phenol 27 and ethyl alcohol to perform sympathicolysis. 25 The remaining articles just reported a "sympathectomy," 17, 22, 36, 41, 47 a "neurodestructive sympathectomy," 22 or "thorascopic sympathectomy." Invasive Treatments for Pediatric CRPS personality disorder, and paranoia); in a 15 yr old diagnosed with personality disorder, both legs were amputated during follow-up 33 . A girl reported by Martin et al. 46 refused to eat during treatment, and Kachko et al. 21 reported family and/ or socioeconomic problems in 6 of 14 patients. Stanton et al. 34 reported that 83% of the 23 children undergoing psychological evaluation revealed some type of significant emotional dysfunction ("evidence of stressful situations, such as physical and sexual abuse or divorce of the parents, was often documented").
According to the most recent diagnostic criteria of CRPS, 2 a "diagnosis that better explains the signs and symptoms" shall be ruled out. Importantly, this also includes psychiatric disorders. In adults, it has been described that symptoms very similar to CRPS arise due to psychiatric disorders. 55 We recommend the consultation of a child psychiatrist or child psychologist in case a CRPS is suspected in children and adolescents to rule out a psychiatric condition based on validated diagnostic measures.
Invasive Pain Therapies
Invasive therapies for CRPS in children and adolescents are common. A major pain clinic performed invasive therapy in 35% of the pediatric patients with CRPS (e.g., continuous lumbar sympathetic blocks and/or peridural catheters). 56 In the case series by Kachko et al., 21 29% received invasive treatment, and in the case series by Kesler et al., 57 33% received invasive treatment. In these studies, the first step is to attempt conventional approaches, and if those fail, invasive treatment options are applied. 18, 56 However, the relevance of invasive therapies in children who do not respond to conventional treatments or medications is not proven in pediatrics, 30, 35 and a positive publication bias for this stepwise approach must be assumed. Case reports with a bad outcome or those reporting therapy complications are rare.
29,43,47 Rand 44 described a patient who received inpatient therapy with an indwelling epidural catheter after conservative therapy had failed. After an initial improvement, the girl regressed substantially and became wheelchair bound but recovered to full function with the help of regular scheduled psychotherapy and physiotherapy. 44 Similar experiences-effective conservative therapy after failure of an invasive approach-have been reported by Zernikow et al. 54 in a larger sample. Sometimes, invasive therapies are extremely escalated and are reported without critical reflection on patient benefits and costs. For example, Dangel 25 described a case of left and right lower-extremity CRPS who was treated for 3 yr with four intravenous phentolamine tests, nine intravenous sympathetic blocks, and an unknown number of single and three continuous sympathetic blocks. Finally, five different chemical sympathectomies were performed resulting in neuralgia of the genitofemoral nerve. A significant improvement in CRPS symptoms was not reported. Olsson et al. 30 concluded that invasive SCS was positive in all of their pediatric patients with CRPS; for two patients, a partial remission was reported, and for five patients, a complete remission was reported. Due to our judgment of the case reports, this conclusion is highly questionable. One child improved despite, but not because of, the SCS; it was reported that this child did not respond to the stimulation even at high voltages, but the CPRS symptoms resolved during the subsequent 6 weeks. One child developed an infection, and the stimulator had to be extracted; before a second system could be implanted, a spontaneous remission occurred. The most aggressive form of invasive therapy has been reported for a 13-yr-old girl with three relapses of CRPS of the right lower extremity. 26 No prior conservative therapy or psychological counseling was reported. Invasive therapy consisted of at least three lumbar sympathetic blocks, a tunneled epidural catheter, two SCS implantations, and an intrathecal catheter (bupivacaine, sufentanil, and later application of ziconotide). No length of followup was reported, but the therapy was considered "effective" by the authors. 26 Wilder 58 summarized their experiences with SCS in children: "I know of least a half-dozen children who have undergone SCS for CRPS. The results have been mixed, ranging from modest improvement in pain and function to a worsening of pain, with explantation of the system (…)." Concerning his success of sympathectomy in childhood, he notes: "The three patients undergoing these procedures did not have improvement in pain scores despite improvement in circulation and edema (…)" ( 58p. 446 ). 
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Effectiveness of Invasive Treatment
A final conclusion on the effectiveness of invasive therapies in the treatment of CRPS in children and adolescents cannot be drawn for several reasons. First, to date, only one placebocontrolled cross-over trial has been performed to test the effectiveness of invasive therapies and, specifically, the influence of lumbar sympathetic blocks on spontaneous and evoked pain and sensory thresholds and not on overall outcome. 18 The invasive procedure was part of a multidisciplinary approach. 18 All other studies have a lower level of evidence and methodological flaws. They do not allow a conclusion on a causal relation between procedure and outcome. Second, differences between children and adults have been insufficiently investigated. Those differences may play an important role in the diagnostic accuracy in classifying the symptoms of pediatric CRPS. Differential diagnoses, such as somatization disorders or other psychiatric disorders that cause CRPS-like symptoms due to nonuse of the extremity, need to be ruled out systematically based on standardized psychological diagnostic procedures. Without a reliable diagnosis of pediatric CRPS, conclusions on treatment effectiveness cannot be drawn. Third, a prominent problem in case studies is that the response to invasive treatment is often seen as a confirmation of the CRPS diagnosis. For example, Agarwal and Joseph 31 note that "In this case, the diagnosis was confirmed by the dramatic response to sympathetic blockade," and Lloyd-Thomas and Lauder 23 reported "a percutaneous lumbar sympathetic block performed to aid diagnosis relieved the pain …." The conclusion following such an approach is a confirmation of the diagnoses when the outcome is positive or a refusal of the diagnosis when the outcome is negative. Following this approach, bad outcomes will never be interpreted as inappropriate treatment. If conclusions on appropriate treatment are based on this approach, findings regarding the effectiveness of the therapy are strongly biased. Positive response to a sympathetic block is neither part of the established nor of the new proposed International Association for the Study of Pain criteria set to define CRPS. 1, 2 Finally, many of the reported cases did not receive a single treatment. Either several invasive procedures were applied or additional conservative interventions were used.
Interpretation of the Effectiveness
Several types of bias have to be considered when evaluating the role of invasive treatment in pediatric CRPS. The most important sources of misinterpretation are regression to the mean, spontaneous remission, placebo effect, observer bias, and publication bias toward positive outcomes. Furthermore, the quality of conservative, multimodal therapy seems to be extremely important for the outcome in pediatric CRPS. Zernikow et al. 54 showed that multimodal conservative intensive inpatient treatment results in favorable outcomes for most patients regardless of whether they previously received conservative and/or invasive therapies. Quality indicators for multimodal conservative treatment options in pediatric CRPS need to be developed. Such criteria could include (1) structural quality criteria such as treatment intensity, specifics of different modules (e.g., education, physiotherapy, occupational therapy, desensitization exercise, individual psychotherapy, family therapy, and school activities), staff characteristics (experience and multidisciplinarity), and implementation of a home program after discharge 11, 56, 59 or (2) outcome quality criteria measured with a standardized approach. Before failure of conservative treatment is taken as a reason to consider invasive procedures as the last option, only high-quality conservative treatment should be implemented. Therefore, knowledge regarding such treatment needs to be extended. Reimbursement by health insurances needs to be adequate not only for invasive procedures but also for multidisciplinary rehabilitation and psychological treatment.
Conclusions
The effectiveness of invasive therapies in the treatment of CRPS in children and adolescents is uncertain. The decision regarding the type of invasive procedure that should be applied when high-quality multimodal conservative treatment fails cannot yet be based on empirical data. Further case-controlled or randomized controlled studies with long-term follow-up periods and standardized outcome measures are urgently needed.
